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TECHNICAL MEMORANDUM x-53451 

PRELIMINARY RESULTS OF ANEMOMETER COMPARISON TESTS 

SUMMARY 

Mean wind speed and wind speed  var iance  obtained by use of anemom- 
e t e r s  were compared. The preliminary r e s u l t s  of t h i s  comparison, which 
w a s  made using s t a t i s t i c a l ,  s p e c t r a l ,  and r e l a t i v e  techniques,  show that 
any of the anemometers w i l l  g ive a good e s t ima t ion  of wind speed. 
Although the  d i f f e r e n c e s  i n  the  wind data obtained by the  anemometers 
a r e  pointed ou t ,  no at tempt  was made t o  s p e c i f y  a "bes t  anemometer," i f  
one e x i s t s .  

I. INTRODUCTION 

When wind speed and p a r t i c u l a r l y  gus t  measurements a r e  made, ques- 
t i o n s  concerning the  anemometer response a r e  almost c e r t a i n  t o  a r i s e .  
Some of these  ques t ions  a r e  l i k e l y  t o  be concerned wi th  the a b i l i t y  of 
the anemometer t o  measure the mean  and var iance  of the  wind speed. I f  
the  mean wind speed is a l l  that i s  des i r ed ,  then most anemometers pre-  
s e n t l y  being used would be s a t i s f a c t o r y .  However, i f  i t  is des i red  
t h a t  the  wind speed v a r i a t i o n s  be measured, then the  response charac- 
t e r i s t i c s  of the  anemometers must be considered i n  more d e t a i l .  Some 
i n s i g h t  i n t o  these  quest ions can be obtained by a comparison of anemom- 
e t e r s .  The a c t u a l  response of the anemometers w a s  no t  i nves t iga t ed  i n  
t h i s  s tudy.  

Both the mean and var iance  of the wind speed a r e  of concern i n  the  
p r e f l i g h t  p repa ra t ion  and launch of space v e h i c l e s .  These parameters 
are used t o  c a l c u l a t e  space vehic le  responses t o  winds before  launch, 
and t o  eva lua te  atmospheric d i f fus ion  condi t ions  a s soc ia t ed  wi th  the 
use of t o x i c  f u e l s .  

NOTE: The term "mean wind" as used i n  t h i s  r e p o r t  r e f e r s  t o  a f i v e -  
minute a r i t h m e t i c  average of d a t a  po in t s  having an  i n t e r v a l  of 
0.5 seconds. 



11. DISCUSSION OF ANEMOMETERS AND MEASURED W I N D  DATA 

When the  comparison t e s t s  were f i r s t  conceived, i t  w a s  thought 
t h a t  t he  program would involve approximately eleven anemometers. These 
anemometers were of four  types:  ho t  wi re ,  r o t a t i n g  cup, p r o p e l l e r ,  and 
drag sphere. For var ious  reasons ,  the hot-wire and drag sphere types 
of anemometers were de l e t ed  from the  prel iminary comparison. The ane- 
mometers used i n  the  prel iminary t e s t s  were as fol lows:  

Cup-Type 

(1) Beckman & Whitley Se r i e s  50 ( P l a s t i c  3 cup),  

(2)  Beckman & Whitley Se r i e s  100, and 

(3) Climet Model C1-14. 

Prop e 1 1 e r  -Type 

(1) Aerovane Model 120, and 

( 2 )  Meteorology Research, Inc.  ' s Veloc i ty  Vane Model 1057. 

The support  s t r u c t u r e  on which the anemometers were mounted f o r  
t e s t i n g  i s  shown i n  Figure 1. The anemometers were mounted a t  a he igh t  
above the ground of 3.5 meters .  
was approximately 1.2 meters ;  the he igh t  of t he  senso r s  above the c ross -  
arm was approximately 0.8 meters .  When t e s t s  were made, t he  mean wind 
flow w a s  perpendicular t o  the  crossarm. This ,  however, d id  not  r e s t r i c t  
t e s t i n g  periods s i n c e  the  suppor t  s t r u c t u r e  can be r o t a t e d  through 360 
degrees .  
degrees from t r u e  North. The reason  f o r  t h i s  r e s t r i c t i o n  i s  t h a t  bu i ld -  
ings and other  obs t ruc t ions  a r e  i n  the  flow f i e l d  c l o s e  t o  the  suppor t  
s t r u c t u r e  in t h i s  quadrant.  

The d i s t a n c e  between the  anemometers 

The wind d i r e c t i o n s  from which no t e s t s  were made were +45 

Representat ives  of the  companies whose anemometers a r e  compared 
i n  t h i s  r epor t  have seen and agreed t o  t h e  condi t ions  and t h e  equip- 
ment (support s t r u c t u r e ,  r eco rde r s ,  and r e l a t e d  components) used i n  
t h i s  s tudy .  

The photograph i n  Figure 1 was taken f ac ing  a s o u t h e a s t e r l y  d i r e c -  
t i on .  The p i p e  running h o r i z o n t a l l y  a c r o s s  the  f i g u r e  i n  t h e  background 
is approximately 168 meters from the suppor t  s t r u c t u r e .  The bu i ld ings  
i n  the  background a r e  about 274 meters  from the  suppor t  s t r u c t u r e .  
open s t r u c t u r e s  i n  the  f a r  background are  t e s t  s t ands  which a r e  approxi-  
mately 1770 meters from the  suppor t  s t r u c t u r e .  

The 
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The Honeywell 1612 Visicorder  Osc i l lograph  w a s  used t o  record the  
wind d a t a  measured by the  above named anemometers. This r eco rde r  i s  
capable of recording da ta  having frequencies  much h igher  (approximately 
600 cyc les  per  second) than any of t h e  anemometers are capable  of measur- 
ing. Examples of t he  wind speed t i m e  h i s t o r i e s  recorded by the  v i s i -  
corder are g iven  i n  Figures 2 and 3 .  Figure 2 i l l u s t r a t e s  time h i s t o r i e s  
of wind speed measured by t h e  Aerovane, Beckman & Whitley (B&W) Se r i e s  
50 wi th  3 cups, B&W Se r i e s  100, and t h e  Climet Model C1-14. Figure 3 
i l l u s t r a t e s  time h i s t o r i e s  f o r  the Aerovane and t h e  Meteorology Research, 
Inc.  (MRI) Veloc i ty  Vane (V.V.). These time h i s t o r i e s  of t he  wind were 
recorded a t  a c h a r t  speed of 0.4 inches per second. The t iming l i n e s  on 
the  cha r t s  a r e  1.0 second a p a r t .  The wind d a t a  used i n  t h e  a n a l y s i s  were 
obtained from the cha r t s  using a data i n t e r v a l  of 0.5 seconds f o r  5.0- 
minute per iods .  

The arrangement of the anemometers during the  f i r s t  t h r e e  t e s t s  is  
shown i n  Figure 1. The anemometers a l igned  from the  no r theas t  ( l e f t  
s i d e  of f i g u r e )  a r e  B&W Se r i e s  50, BdLW Se r i e s  100, Aerovane, and Climet. 
The Climet anemometer is on the  southwest ( r i g h t  s i d e  of f i g u r e )  end of 
t he  crossarm. The B&W Se r i e s  100 and the Climet anemometers have separa- 
ted  mountings on the  crossarm f o r  t h e i r  d i r e c t i o n  sensor  and speed sensor .  
For Tes ts  5 and 6 ,  the  B&W Ser ies  100 w a s  replaced by the Veloci ty  Vane. 
I n  these  two tests,  no d a t a  were obtained from the  B&W Se r i e s  50 o r  the 
Climet anemometers. 

The wind d a t a  f o r  a given t e s t  were obtained s imultaneously from 
a l l  the anemometers. For example, i n  the  f i r s t  t e s t ,  the  wind speed 
w a s  measured and recorded (Figures 2 and 3)  simultaneously f o r  the 
Aerovane, &W Se r i e s  50, B&W Ser ies  100, and the  Climet. 

111. DATA ANALYSIS 

Three procedures were u s e d .  The f i r s t  compared the  b a s i c  statis-  
t i c a l  parameters of t he  da ta .  These parameters were the  arithmetic 

,mean and var iance  which were computed f o r  t he  five-minute d a t a  runs.  
The second procedure cons is ted  of comparing the  s p e c t r a  of t he  f ive -  
minute d a t a  per iods and the  t h i r d  procedure w a s  a more o r  less r e l a t i v e  
compar i s  on. 

A. Comparison of Mean Wind Speeds and Variances 

A s  ev ident  from Tables I and 11, the mean wind speeds measured 
by the  d i f f e r e n t  anemometers show v a r i a t i o n s .  For example, i n  t he  f i r s t  
t e s t  the  maximum d i f f e rence  of the  means w a s  1.8 meters per  second (a 
percentage d i f f e r e n c e  of 29.2 percent ) .  This d i f f e r e n c e  ex i s t ed  between 
t h e  Aerovane and B&W Se r i e s  100. It is  i n t e r e s t i n g  t o  note  t h a t  these  
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two anemometers were pos i t ioned  next  t o  each o ther  (see Figure 1). For 
the f i r s t  t e s t  the sma l l e s t  d i f f e rence  w a s  0.2 meters per second, or  a 
d i f f e r e n c e  of 2.6 percent .  This was between the  Climet and B&W Se r i e s  
100. 
anemometers having the g r e a t e s t  ho r i zon ta l  s epa ra t ion .  A s  noted i n  
Figure 1, t h i s  was between the B&W Se r i e s  50 and the Climet anemometers. 

The l a r g e s t  mean wind speed d i f f e r e n c e  occurred only once between 

The columns i n  Tables I and I1 l abe led  "Mean of A l l  Anemometers" 
a r e  the a r i t h m e t i c  means of the  mean wind speeds of the ind iv idua l  ane- 
mometers fo r  a given t e s t .  It i s  reasonable  t o  assume t h a t  t h i s  mean is  
more a p t  t o  be c lose r  t o  the t rue  mean f o r  the  given t e s t  than any ind i -  
v idua l  anemometer mean. This mean va lue  i s  used t o  i l l u s t r a t e  the v a r i a -  
t i ons  i n  the ind iv idua l  means. No c o n s i s t e n t  b i a s  e x i s t e d ;  i . e . ,  none 
of the anemometers measured high o r  low f o r  a l l  cases .  The Aerovane and 
&W Ser i e s  50 measured l o w  f o r  the  f i r s t  t e s t  and h igh  i n  the second and 
t h i r d  t e s t s .  The r eve r se  of t h i s  is  t r u e  f o r  the B&W Ser i e s  100 and the  
Climet.  

Probably a more i n t e r e s t i n g  and informative parameter t o  i n v e s t i -  
g a t e  than the mean wind speed i s  the  wind speed var iance .  I d e a l l y ,  the  
t r u e  wind var iance ,  as obtained by an anemometer, i s  a f f e c t e d  only by 
i t s  response.  However, i n  the r e a l  s i t u a t i o n ,  e r r o r s  a r e  introduced 
i n t o  the  var iance  by o ther  components of the  anemometer system and 
a l s o  i n  handling the wind da ta .  No a t tempt  w a s  made t o  reduce o r  
remove any e r r o r s  of the anemometer system, s i n c e  i t  w a s  des i r ed  t h a t  
the  wind measurements as obtained from the systems be compared. Fu r the r ,  
s i n c e  the  wind da t a  were handled i n  the same manner, the  e r r o r s  i n t r o -  
duced i n  da t a  handling should be equal .  Thus ,  no a t tempt  w a s  made t o  
reduce the da t a  hand1 ing e r r o r s .  

Table I shows t h a t  the Aerovane has the  sma l l e s t  var iance  com- 
pared t o  the o ther  t h ree  anemometers. It is reasonable  t o  assume t h a t  
t he  t rue  wind va r i ance  is  g r e a t e r  than ind ica t ed  by the Aerovane. This 
assumption is ,  i n  f a c t ,  s u b s t a n t i a t e d  by two f a c t o r s :  (1) the o the r  
anemometers had l a r g e r  var iances  and ( 2 )  the  Aerovane does not  have the  
response c a p a b i l i t y  f o r  measuring s h o r t  per iod f l u c t u a t i o n s  [1,2]. The 
Aerovane, f o r  example, i s  only about  85.0 pe rcen t  respons ive  t o  wind 
speed f l u c t u a t i o n s  f o r  per iods of 5.0 seconds and a mean wind speed of 
10.0 meters  per second [2]. 
t h e  o ther  anemometers a r e  about 98.9, 98.2, 99.6,  and 97.8 percent  
responsive for  the  B&W Ser i e s  50, B&W S e r i e s  100, Cl imet ,  and V. V . ,  
r e spec t ive ly .  The response va lue  f o r  the Climet w a s  ob ta ined  using 
information from Reference 3 .  
B&W Se r i e s  100, and V. V. were obtained us ing  informat ion  from the  
r e spec t ive  company s p e c i f i c a t i o n s  (References 4 ,  5 ,  and 6,  r e s p e c t i v e l y ) .  

For the  same per iod  and mean wind speed, 

Response va lues  f o r  t he  B&W Se r i e s  50, 
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I n  the  f i r s t  t es t  t h e  B&W S e r i e s  100 had the  l a r g e s t  variance, 
and f o r  the  second and t h i r d  t e s t s ,  the  C l i m e t  had the l a r g e s t  var iance .  
Very l i t t l e ,  i f  anything,  can be said about  t he  va r i ance  of the  t h i r d  
and f o u r t h  t e s t s ,  s i n c e  only two anemometers were used. Wind va r i ance  
w i l l  be  discussed f u r t h e r  i n  the next s e c t i o n  i n  conjunct ion w i t h  spectra. 

B. Comparison of Wind Spectra  

The procedure used t o  compute the  spectral  e s t ima tes  of t h i s  
r e p o r t  i s  explained i n  Reference 7. Since a d i scuss ion  of t h e  computa- 
t i o n a l  method f o r  s p e c t r a  is not  pe r t inen t  t o  the  p re sen t  d i scuss ion ,  i t  
w i l l  not  be repeated here .  However, i t  is  expedient  t o  s t a t e  that t h e  
s p e c t r a  i n  Figures  4 - 8 are  normalized s p e c t r a l  e s t ima tes .  These e s t i -  
mates were obtained from simultaneous wind speed measurements. Figures  
4 - 6 are s p e c t r a l  es t imates  f o r  wind speed d a t a  obtained by use of t he  
B&W Se r i e s  50, B&W Se r i e s  100, Climet, and Aerovane anemometers. Fig- 
ures  4 - 8 are f o r  wind speed comparison tests 1 - 5, r e spec t ive ly .  
These tests were made on d i f f e r e n t  days i n  order  that d i f f e r e n t  wind 
f law f i e l d s  might be sampled. 

It i s  i n t e r e s t i n g  t o  note ,  from the f i g u r e s ,  the  c loseness  of 
the  s p e c t r a l  es t imates  f o r  wind gus ts  (var iance)  having per iods  of 5.0 
seconds o r  longer .  This i s  e spec ia l ly  t r u e  f o r  t he  low wind speed case 
(Figure 4 ) .  
var i ance  as a func t ion  of per iod  and frequency, a comparison of the  
information obtained from them with the  computed wind speed var iance  i s  
i n  order .  The s p e c t r a l  es t imates  of F igures  4 - 6 show the  wind var iance  
obta ined  from the Aerovane wicd data t o  be much lower than t h a t  obtained 
from the  o t h e r  t h ree  anemometers (B&W S e r i e s  50 and 100, and Climet) f o r  
per iods  less than 5.0 seconds. Thus, i t  i s  t o  be expected t h a t  the per- 
centage of wind va r i ance  obtained by us ing  the  Aerovane would be l a r g e r  
f o r  per iods  longer  than 5.0 seconds than t h a t  of the  o the r  anemometers. 
This f a c t  is seen t o  be  t r u e  from t h e  percentage va lues  given i n  Table 
111. The c loseness  of the  spectral  es t imates  f o r  the  B&W Ser i e s  50, 
B&W S e r i e s  100, and t h e  Climet is  e s s e n t i a l l y  s u b s t a n t i a t e d  by the  vari-  
ance  va lues  g iven  i n  Table 111. For example, Table I11 shows that the  
va r i ance  obtained by use of the Aerovane is  almost e n t i r e l y  f o r  g u s t  
per iods  of 5.0 seconds or  longer.  From the  s p e c t r a l  e s t ima tes ,  it is 
seen  t h a t  the  wind va r i ance  obtained by use of  t he  Aerovane decreases  
v e r y  r a p i d l y  f o r  per iods less than 5.0 seconds. Fu r the r ,  Table 111 
shows t h a t  t he  wind va r i ance  obtained us ing  the  B&W S e r i e s  50, B&W 
S e r i e s  100, and C l i m e t  have near ly  equal percentage va lues  f o r  per iods 
of 5.0 seconds o r  longer .  
anemometers have nea r ly  equal  wind var iances  f o r  the  5.0-second and 
longe r  pe r iods ,  b u t  d i f f e r  f o r  per iods shorter than 5.0 seconds. 

Since these  s p e c t r a l  estimates show the percentage of 

The spectral estimates show t h a t  t hese  th ree  
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S t a t i s t i c a l  confidence has been computed f o r  the  s p e c t r a l  e s t i -  
mates ( f o r  t he  5 percent  l e v e l )  of t h i s  r e p o r t  using the procedure as 
given by Panofsky [8].  
according to  the confidence t e s t i n g .  The minor peaks a r e  the  r e s u l t  
of drawing the  b e s t  curve f i t  t o  the r a w  s p e c t r a l  e s t ima te  va lues  by 
eye. Thus, they should no t  be considered s i g n i f i c a n t .  Since the pur -  
pose of t h i s  r e p o r t  i s  t o  p re sen t  r e s u l t s  of a comparison s tudy  and not  
a d iscuss ion  of s p e c t r a ,  no a t tempt  w i l l  be made t o  exp la in  these  peaks 
nor the reason f o r  them. 

The major peaks of t he  s p e c t r a  a r e  s i g n i f i c a n t  

Table 111 gives the percentage of va r i ance  of wind speed as 
seen  by the  r e spec t ive  anemometers f o r  per iods of 5 .0  seconds and longer .  
This t a b l e  shows, as expected, t h a t  as the  mean wind speed inc reases ,  
more var iance  i s  seen i n  the  s h o r t e r  per iods ;  i . e . ,  s p e c t r a l  energy i s  
s h i f t e d  t o  higher f requencies .  Furthermore, the  t a b l e  shows a smal le r  
s h i f t  f o r  the Aerovane and V. V. than f o r  the cup-type anemometers. 
The Aerovane s h i f t  appears t o  be l e s s  than the  s h i f t  of the V. V. A 
s h i f t  of 0.5 and 1.1 percent  is  observed f o r  t he  Aerovane and V. V. f o r  
a mean wind speed change of approximately 0.1 meters  per second, respec-  
t i v e l y .  
s h i f t  between the  Aerovane and V. V. u n t i l  more da t a  a r e  analyzed which 
have a g r e a t e r  change i n  mean wind speed. 

I 

No s i g n i f i c a n c e  should be a t t ached  t o  t h i s  comparison of t he  

A more v a l i d  comparison can be made between the o the r  t h ree  
t e s t s .  
cen t  occurred when the mean wind speed changed by approximately 3.8 
meters per  second. This same change i n  mean wind speed caused a s h i f t  
of approximately 7.3,  5 .5 ,  and 11.1 percent  f o r  the  B&W S e r i e s  50, 
B&W S e r i e s  100, and the Climet anemometers, r e s p e c t i v e l y .  

For the  Aerovane, a s h i f t  of va r i ance  of approximately 3.8 per-  

Perhaps more noteworthy than the va r i ance  s h i f t  i s  the  amount 
of va r i ance  accounted f o r  by wind g u s t s  having per iods of 5 . 0  seconds 
or longer .  For example, 9 4 . 6  percent  of t h e  wind va r i ance  (gus t s )  a s  
measured by the Aerovane has per iods  equal  t o  o r  longer  than 5 .0  seconds 
(Table 111). This percentage va lue  i s  f o r  a mean wind speed of approxi-  
mately 7.15 meters per second. The anemometer capable  of measuring, 
according t o  these  prel iminary t e s t s ,  the  l a r g e s t  amount of wind v a r i -  
ance f o r  per iods l e s s  than 5.0 seconds is the  B&W S e r i e s  50. However, 
before  any d e f i n i t e  s ta tements  can be made, more t e s t i n g  of the anemom- 
e t e r s  is needed, both i n  the wind tunnel  and i n  t h e  r e a l  environment. 
It i s  poss ib le  t h i s  var iance  is  due t o  system e r r o r s  r a t h e r  than being 
r e a l .  
remains unexplained. 

The pecu l i a r  spectrum shown i n  F igure  4 f o r  t h i s  anemometer 
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C. Re la t ive  ,Comparison of t he  Various Anemometers 

From w h a t  has been s t a t e d  above, any of t he  anemometers t e s t e d  
can be used t o  o b t a i 6  reasonable  mean wind speed measurements. 
i n d i c a t e  the  cup-type anemometers t o  be  the b e s t  f o r  measuring s h o r t  
period f l u c t u a t i o n s  (gus t s )  of the wind; however, t h i s  conclusion needs 
f u r t h e r  v e r i f i c a t i o n .  I n  view of t h i s ,  it is  i n s t r u c t i v e  t o  g ive  some 
r e l a t i v e  information about the  anemometers and the  wind d a t a  obtained 
from them. 

Variances 

The Aerovane is the  l e a s t  responsive of the  anemometers t e s t e d .  
However, it i s  a very  durable  wind sensor ,  easy t o  opera te ,  and r e q u i r e s  
very  l i t t l e  maintenance. The d u r a b i l i t y  of t he  V. V. wi th  r e spec t  t o  
longevi ty  i n  the  atmospheric environment i s  y e t  t o  be proven. 

The B&W S e r i e s  100 and the Climet seem t o  have a f a i r l y  good 
These d u r a b i l i t y ,  a l though it is always poss ib le  t o  f i n d  exceptions.  

two anemometers have a mutual c h a r a c t e r i s t i c  which could be considered 
unfavorable:  the  torque s t rokes  of t h e i r  cups which a r e  e a s i l y  seen i n  
the  output  wind d a t a  from these anemometers. The Climet, however, appears  
t o  be more responsive than the  B&W Ser i e s  100. The d a t a  of t he  B&W 50 
a l s o  show a torque s t r o k e  s ince  a 3-cup system w a s  used. 

The B&W Ser i e s  50, f o r  a l l  p r a c t i c a l  purposes, a l l e v i a t e s  the 
torque s t r o k e  seen i n  the  output  data  of the B&W Ser i e s  100 and Climet, 
i f  t he  "Staggered-Six" cups a r e  used. The d u r a b i l i t y  of the  B&W Se r i e s  
50, l i k e  t h a t  of t he  V. V., i s  ye t  t o  be proven wi th  r e s p e c t  t o  longevi ty  
i n  t h e  atmosphere. It is very probable that both the  B&W Se r i e s  50 and 
the  V. V. w i l l  pass  the  longevi ty  d u r a b i l i t y  t e s t  of time. According to 
the  manufacturers ,  t he  response of t he  B&W Ser i e s  50 is q u i t e  good. The 
B&W Ser i e s  50 and the  Climet anemometers, which have been inves t iga t ed  
i n  the  White Sands Miss i l e  Range wind tunnel  [3] ,  were found t o  have 
s i m i l a r  response c h a r a c t e r i s t i c s .  

IV.  COMMENTS 

The r e s u l t s  of t h i s  preliminary s tudy show t h a t  any of the  f i v e  
anemometers t e s t e d  w i l l  g ive  a f a i r l y  good es t imat ion  of t he  mean wind 
speed. For wind speed var iance ,  the cup-type anemometers appear t o  
g i v e  the  b e s t  r e s u l t s .  This is most l i k e l y  due t o  the  cups being more 
responsive t o  wind speed change than a r e  the  propel le r - type  anemometers, 
b u t  i t  could a l s o  be due t o  system e r r o r .  These t e s t  r e s u l t s  a r e  p r e l i -  
minary, and more t e s t i n g  is  needed before  any d e f i n i t e  s ta tements  can 
be made. 
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The spectra of t he  anemometers t e s t e d  had the ma jo r i ty  of the  wind 
speed var iance  accounted f o r  by wind t u s t s  having per iods equal  t o  o r  
g r e a t e r  than 5.0 seconds. The agreement of the s p e c t r a l  es t imates  was 
gene ra l ly  good between the  cup-type anemometers. Also, good agreement 
ex i s t ed  between the s p e c t r a l  es t imates  of the Aerovane and Veloci ty  Vane. 

This prel iminary s tudy  has i l l u s t r a t e d  the  need f o r  f u r t h e r  i n v e s t i -  
ga t ion  of the var ious  types of anemometers. It i s  the  i n t e n t i o n  of t he  
author  t o  continue comparing and t e s t i n g  these  and o the r  anemometers. 
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Figure 5. Spectrum of Wind Speed for Anemometer Comparison Test Number 2 
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Spectrum of Wind Speed for Anemometer Comparison Test  Number 3 



Figure  7 .  Spectrum of Wind Speed for Anemometer Comparison Test N u m b e r  4 

15 



d 

N .,-! 

F i g u r e  8. S p e c t r u m  of Wind Speed  f o r  A n e m o m e t e r  Comparison T e s t  N u m b e r  5 
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